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(54) Seamless capsule and method for manufacturing the same 


(57) There are provided a seamless capsule con- 
taining therein r large quantity of an active ingredient 
which is difficultly soluole in water and on and a method 
of manufacturing the seamless capsule 

Encapsulating liquid 1. in which the active ingredi- 
ent which is difficultly soluble in water andoil is suspend- 
ed in oil as part cies each having the mean particle di- 
ameter of less than 20 u m is enclosec in hydrcphihc 


outer shells This seam'ess eapsuie SC is manufacture 
in sucn a manner that from a multiple nozzle 7 suspen- 
sion in whicn the active ingredient which is difficultly sol- 
uble in water and oil is dispersed in oil ard the active 
mqreciert in thus obtained dispersion s pulverized to 
obtain particles each naving the mean particle diameter 
of less than 20 u m. as encaosulat ng liquid 1 and aque- 
ous liquid of a shell forming substance as outer she i I 
f ormirg liquid 2. a-e dropped into hardening liquid 10 


Fig. 1 
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Description 

3ACKGPCL NC 2? ~-E NVENT CN 

Fieid of the Invention 

^his invent. on relates to a seam ess capsule anc 
more particuariy to tecnniaues effectively applied :c ■* 
seamless capsule capaoie c containing a ia'ge Quantity 
of dn active ngreaieni 

Statement of the Related Art 

in general hard capsules are employed tor filling 
powdery material Hcwever with this hard capsules 
there are presentee the following problems ~hat is. first- 
ly, the hard capsules are standa r dized their size and vol- 
ume even in a smailest capsule No 5. the length thereof 
is as large as 1 2 ~ 1 4 cm and hard capsules smaller 
than No 5 can not be produced because of the standard ~° 
and technical problem Seconcly during the manufac- 
turing of tne capsules such processes as encapsulat- 
ing, cap coupling and the like are needed so that tne 
production efficiency is lew Thirdly, according to Japa- 
nese law. in the field cf health foods, ingredients, with 2B 
which 'he hard capsu es are permitted to be encapsu- 
lated, are limited so that types of products permitted f o 
be on sale are limited 

On the other hand although there are no such prob- 
lems as described above for a seamless capsule and a 30 
soft capsule such a problem is presented that even in 
the case of these capsules the capsules can not be en- 
caDSulated with the powder as it is Then, there have 
Deen tried various methods for encapsulating the seam- 
less capsules anc tne ike with a powder material which 35 
are not limited in dimensions and materials to be encap- 
sulated. In these cases, it is conventional that the pow- 
der is dissolved in a solvent medium to provide a liquid 
solution, or the powder is suspended in a solvent medi- 
um to provide a fluid cispersion whicn ts encaosulated JO 
in a capsule 

In this case as a solvent medium to be used, such 
one is desiraele that a powder material as being an ob- 
ject can be aissolved at a high concentration, a stable 
solution can be obtained after the dissolution and no 
harm ts given to human body However, as for a powcer 
material desired to De used in fact, there are many cas- 
es where such a convenient and suitable solvent medi- 
um does not exist Hence, in general, a powder material 
is enclosed in capsules in a state of a fluid suspension so 
~hen. as techniques for encapsulating a capsule with 
this suspension, especially encapsulating a seamless 
capsule to enclose the suspension therein, there have 
been known several examples as shown in Japanese 
Patent Application Publication No 68446/1993. Patent 55 
Application Publication No 39193/1975 Patent Laid- 
Open No 190915.1984 Patent LaidOpen No 
92616/1979 and so forth 


— ere : n -atent Application -up Meatier No 
6~446 1 OQ 3 there is cJisclosec a methoo .ri wricnristn- 
c'ii/e r s -icdec :c v-ooze-onec ccwac :f _ac:cc.ic;ilus 
oiriaus suspended in nydrogenafed :n having a moiling 
point oetween 30 'C ana 45 *-2 and a meitmc point 
arqe of ! ess than 3 3 C encapsulated ;n a soft capsule 
r, this case the nyarcqenatec on nav nq the small range 
the meitirg coin ;s used whereby the suspension is 
■■^ardenec mmeciately so that moisture ,n the snel of 
capsule is prevented ; rom mcvm 3 to _actooac ilus bifio- 
us furthermore in Patent Application Publication No 
391 93/" 973 there is diselosec a mononucleus double- 
wall capsule whose nuclear port on (inner-most layer:. 
,s encapsulated with powder dispersed in oil which is 
hardened about at 1 0 3 C With th s arrangement it oe- 
comes possible to form a material to provide a capsule 
otherwise it should be impossible to form the material to 
provice a capsule with a seamless one-wall capsule 

Further in Patent Laid-Cpen No 190916/1934 
there s oiseosed a seamless capsule containing a filler 
obtained by dispeising in oil an inclusion compound in 
which a nydrophihe substance is included in a ciathrate 
mcluson compound In this case the hydrophilic sub- 
stance is to oe taken into the interior of cavity 'ormed in 
tnc clatnratc inclusion compound an insoluble compos- 
ite mater al is formed, and this ciathrate inclusion com- 
counc s dispensed m o I to obtain 3 stable dispersion 
containing :he hycrophilic substance, so that a capsule 
can oe formed Or the other hand in Patent Laid-Open 
No 92616/1979. there is disclosed a bioavailability im- 
proving drug, in whicn a solid chemical agent which is 
oifficultly soluble in water is dispersed in oil (at liquid 
room temperature i with whoh a seamless mini-capsule 
having a particle diameter of 1 — 3 mm is encapsulated 
Here the inventors of the present invention have 
found that, when tne capsu e encapsulating therein the 
suspension is manufactured, if the fil ! of the suspension 
is increased, then when liquid drops through a multip'e 
nozzle, the outer shells of the capsules are broken and 
satisfactory capsules can not be formed 

Ther when the above-described conventional 
methods are examined from the above-describee view- 
point firstly, in Patent Application Publication No 
63446/1993. the hydrocenateot oil hav ng the melting 
point higher than the room temperature is used as en- 
capsulated- in liquid whereby the suspension is hard- 
ened immediately at the time of formation of a capsule 
so that an outer shell is difficultly subjected to the influ- 
ence cf tne moisture of suspension and no damage is 
caused to the capsule However, in this method, the en- 
capsulated liquid is in a sold state at the room temper- 
ature, so that all stage cf manufacturing the capsule, i. 
e preparation, storage and supplying thereof should be 
performed under heated conditions ^or this, the active 
mgreciert is easily deteriorated and the heating means 
is needed at all times 

F jn*her a solvent medium for oispersion is limited to the 
hvdrogenated oil there is a case where the active mgre- 
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oient may oe orec uded Terr, toeing ^Dsoroec rtc tne 
num^n ocriy aeoeramq the tyoe ct the nyotroqen- 

atea oil ana 'here -s a case wrere ;t is not appropriate 
loaopiy this netnoa 'nacdition the content sharcened 
it the room temperature whereoy the capsule becomes = 
opaque so that the product seems uq y and further ce- 
tection of detectives such as uneven snell thickness 
damages and the nke is difticul: hence this method is 
net used in genera> 

Next in ^atent Application Publication No to 
391 93/1 978 the encapsulated liquid (nuclear portion) is 
doubly protected oy an intermediate ayer (inner layer) 
and an outer ayer so tnat damages are uneasily caused 
to the outer shell However in this method use of a triple 
nozzle is essential so that the device become cornph- 
cated ana it s not easy to perform operaticna control 
Furthemnore the double ayered capsule is needed, so 
that such a disadvantage is presented that the fill of the 
encapsulated liquid , s decreased as compared v.'sth a 
capsule having a particle diameter equal thereto 20 

Further in Patent Laid-Ooen No 190916/1964. 
sucn an arrangement is adopted that the clathrate inclu- 
sion compound is dispersed in the oil. whereby when 
the quantity of the clathrate inclusion compound is in- 
creased, a problem of the outer she!! damage is stnl pre- 25 
sented Furthermore the active ingredient is limited to 
the nydrophilic substance and it is necessary toadd the 
inclusion material sucn as cyclodextnn by more than a 
quantity equal thereto Accordingly such a problem is 
presented that the types of the active ingredient to oe 30 
used are limited, and further, the content of the active 
ingredient is also restricted 

Furthermore it takes much process to produce the cla- 
thrate nclusion compound and further the production 
efficiency is low 35 

On the other hanc. in D atent Laid-Open No 
92616/1979. as the encapsulated liquid there is used 
the active ingredient difficultly soluble in water to be mo- 
lecularly dispersed (dissolved) and/or particulately dis- 
persed and as tor the oute r shell damage conditions ~o 
equal thereto are brought aoout Further in this ~ase 
only the one obtained by dissolution is described as an 
example but there is not described the embodiment of 
terming the capsule for the one dispersed particulately 

Then, the inventors of the present invention, paying 
their attertion to the technique described in this Fatent 
Laid-Open No 92616/ 1 979. have tried to form the cap- 
sule containing the encapsulated liquid not described in 
the example in which the active ingredient is dispersed 
particulately As the result, they have been confronted 50 
.v'h tho fac f w^o^ !t s f ned to nr 'easr* 'he contrrn- 


:-vo ngreaient difficultly soldo nc:uamg 'rscuco' 
nrtn ,n wnter ana on -no h methoa of m^nutactur ng *ro 
Srtme 

The dDove-descnbea ana c\re r ociects ,-ind novel 
'eatures a/iII be rc-iciiy aoparent ir cm :ne description 01 
■ his specification r.na the accompanvmq drawings 

The •ollowmq is the brief description of the outline 
ot the typical inverticn out cf the inventions aiscicsed n 
the orosent application 

Trie nventors of the oresent invention nave 'cure 
the fact that the mean particle diameter of the active in- 
gredient suspended in the oil relates to the occurrence 
of the damages as the result of the research relating to 
the causes of the damages of the outer shells due to the 
increase in the fill of the suspension as described above 
Then it has been found that if this mean particle diam- 
eter is less than 20 u. m. then the outer shells can be 
free from damages, and the products having more fill of 
th£ ingredient can be produced Then it n^s hAprs 

found that the active ingredient is made to be the sus- 
pension having the mean particle diameter of less than 
20 u m. so that the active ingredient can be contained 
even in the outer shells and the fill of the active ingredi- 
ent can be further increased, and in order to manufac- 
ture the abovc-dcscr.bcd suspension 1! is desirable to 
subject the active ingredient to the wet pulverizing in the 
respective solvent medium for dispersion 

Ther. the seamless capsule according to the 
present invention is characterized in that liquid in which 
the active ingredient which is difficultly soluble in water 
and oil is suspended in oil as particles eacn having the 
mean particle diameter of less than 20 u m. is encapsu- 
lated in a hydrophiiic outer shell In this case rt is desir- 
able that the particles are formed by the active ingredi- 
ent being subjected to the wet pulverizing n oil 

Furthermore the above-described active ingredient 
maybe encapsulated in the above-described outer shell 
as the particles each naving the mean particle diameter 
of less than 20 u. m In this case aiso. it is desirable that 
the ^articles in the outer shell is termed such that the 
above-described active ingredient 'S subjected to the 
wet pulverizing in water 

On the other hand the method of manufacturing the 
seamless capsule according to the present invention is 
a methoa in wnich liquid drops each having a plurality 
of layers are dropped though a concentric multiple noz- 
zle into hardening liquid to thereby manufacture the 
seamless capsules and is characterized in that there is 
supplied the suspension, as an inner-most layer liquid 
of the above-desenbed iqu'd drops, in which the active 
■^areoert which >s difficultly soluble in water and oil 'S 


i^joouS scijlior r-1 .-1 s^ell *orm ng SoOStnnoerts -m ;^t 
* ^ an ^r-i^r' o' 'no nrosert nvnn? nr :r ;: r n\. rs- -1 O'-most iny^r iiqum nf 'he ,-inove-aesr.nbed uauid *jrops 

— . ,xs \-->o<; . o -~r*^>r<r ~ nmn nji.-m* ,r Y nf -n -r- n T:s ~hs^ 'ho anueo-us sciuI:or of 'he acovo^o- 
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■.-cnoed shell forming substance may contain the sus- 
pension m wnicn the anove-descrined active ingredient 
is dispersed :n water -ma 'he active ngredient r thus 
vDtainea dispersion ;S culvenzed to ootain oarticies 
eacn having the mean particle diameter ot less than 20 
L'm ; c jrthemcre d nigh pressure nomoqenizer may se 
„sed as the aocve-descr oed wet puiverzmg cevice 

5RIEF DESCPIP^ON OF THE DRAWINGS 

Fig 1 shows the arrangement ot a device for man- 
ufacturing a seamless capsule used for carrying out tne 
method of manufacturing a seamless capsule according 
to the oresent invention 

Fig 2 is an enlarged sectoral view showing the out- 
I ne of the arrangement ot a nozzle portion of the device 
for manufacturing a seamless capsule shown in Fig 1 

DESCRIPTION OF THE PREFERRED EMBODIMENT 

Detailed description will hereunder oe given of an 
embodiment of the oresent invent on with reference to 
the drawings 

Fig 1 shows the arrangement of a device for man- 
ufacturing a seamless capsule accorcmg to the present 
invention, and a method of manufacturing a seamless 
capsule according to the present invention is carried out 
oy this device Furthermore. r ig. 2 enlargedly shows the 
arrangement of a nozzle portion ot the device for man- 
ufacturing a seamless capsule as shown in Fig 1 

The seamless capsule according to the present in- 
vention is a seamless capsule, in which encapsulating 
I qu d * in which an active ngredient is suspenced in 
oil as particles each having the mean particle diameter 
ot less than 20 u m. is enclosed by a hydrophilic outer 
shell 26. This seamiess capsule is one. in which the 
guantity of the active ngredient contained in a particle 
is large as compared with the conventional seamless 
capsules Furthermore, in this seamless capsule, the 
active ingredient can be contained even in the outer 
shell 25 so that the quantity of the active ingredient in 
one capsule can be further increased. 

Firstly, description will given of the device for man- 
ufacturing a seamless capsule in order to manufacture 
the seamiess capsule according to the oresent inven- 
tion This device for manufacturing a seamless capsule 
is a device of a so-called nozzle-in liquid type, in which 
liquid arops each having a plurality of layers are dropped 
into hardening liquid 1 0 tc thereby manufacture a seam- 
less capsule SC as shown in Figs 1 and 2 A liauio drop 
flow-out portion 1 3 thereof is a concentric multiple noz- 
zle having a couble-layered orifice construction as 
shown in ~ig 2 

In the device for manufacturing a seamless caosule 
as shown in Fig 1 the encapsulating liauid (the inner- 
most layer liquid) 1 for forming the seamless capsule 
SC is manufactured by a wet pulverizing device 11 and 
stored in a tank 2 for encapsulating liquid F urthermore 


-in outer shell forming liquid i the ojter-most ay or liquid) 
1 for forming rin outer shell 'or covering 'he encaosuiat- 
ng iquic 1 ;S man jfaztu'ed oy a wet puven/mg device 
'2 and s'.ored m n tank 4 for cuter snell 'crrmrg liquid 
Then the encaosulatng liquid 1 is supp lec unoer pres- 
sure to a multiple nozzle 7 oavina a ooubie-iayered cr- 
iice through a piping 5 from the tanK 2 tor tne encapsu- 
lating liquid by a pump 5 and the outer she'l forming 
liquid 3 is supolied uncer pressure to the above^ie- 
'0 scribed multiple nozzle 7 tnrough a piping 9 frcm the 
tank 4 for the outer shell forming iquid by a pumo 5 

Here, in the aevice for manufacturing a seamless 
capsule in this embodiment as the encapsulating liquid 
" the r e is used the suspension in which tne active m- 
^ gredient consisting of a substance which is difficulty sol- 
uble cncluding "insoluble") ooth in water and oil is con- 
tainec as suspendec particles each having the mean 
particle diameter of less than 20 u, m 

Incidentally, in the present application, the term "dif- 
20 ficultly soluble" means an extent where the total quantity 
is not soluble in on and suspended particles are left De- 
hind and. for example the extent means an extent 
where the soluoihty is less than 10g/100m;. i.e.. nearly 
the extent of being indicated as "sparingly soluble" ac- 
25 cording to the Japanese oharmacopccia. or thcrcbciow 
Furthermore, the term "the active ingredient " means a 
mgrecient for displaying a purpose for use. functions, 
performances and the like of a capsule to be manufac- 
tured and as desenbed above the active ingredient 
30 may be a solid material which is difficultly soluble m wa- 
ter and oil Materials included in a wide range, which can 
be utilized as a medione a quasi-drug ingredient, a cos- 
metic, a food stuff an agricultural chemicals and the like, 
are selectea as the objects. 
35 On the other hand, as oil used as the encapsulating 
liquid 1. there are listed fats, oils and other fatty ester 
having glycerin ester as the mam ingredient, such as 
animal fats and oiis, and vegetable oil. and further, hy- 
drocarbon, aliphatic alcohol, fatty acid and the like. 
■*o which are substantially insoluble in water and liquid 
state at the room temperature Incidentally, the concen- 
trator of the active ingredient of the encapsulating liquid 
1 is respectively different depending upon the purpose 
and the physical properties such as the viscosity of the 
■*$ suspension However, normally, the range is limted to 
1 - 60 weight % 

Further in the present invention, the reason why the 
mean particle diameter of the active ingreotent is set at 
a value of less than 20 u. m resides in that, when the 
50 mean particle diameter is larger than it. not only the 
aoove-described damages occur, but also it serves as 
the cause of malfunctions of a gear pump for supplying 
the encapsulating liquid 1 and in the extreme case, the 
pump is stopped Furthermore, when the mean particle 
55 diameter is large there are presented such problems 
that deviation of the amount of the active ingredient per 
product (capsule) enlarged and poor appearance due 
tc the sedimentation of the suspension in the capsule 
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■r :h i s emDOdiment the powder :f the active inqre- 
.lient >s nqitatec ard dispersed n on and tnereatter h 
process of 'ormmg :he suspension s cameo ojt oy t^c 
.vet puivenzing device *l so that :he above-described 
suspension of encapsulating .iauid " can oo manufac- 
tured n this case sucn a mat hoc may oe adopted that 
the id ve mgreciert :s previous y 'orm ed to provide par - 
ticies eacn having the mean oartcie diameter o 1 less 
tnan 20 u m and the pulverized active ingredient s ag- 
itated anc dispersed in cil to produce the suspension 
however it is difficult to completely unfasten the aggre- 
gate of pulverizing partic.es It s more reliable that tne 
active ingredient is pulverized in situ in a solvent to 
thereby obtain the suspension 

As the wet pulverizing devices 11 there may be 
adopted any one of a high pressure homogenizer a col- 
loid mnl a planetary ball mill a vibrating ball mill, an ul- 
trasonic homogenizer and so forth, only if they can proc- 

.1 r4. ♦ t~ rtortifll,,/- -> H H o \ . 

ing the mean particle diameter of less than 20 u m 
However the high pressure homogenizer is the best as 
a view point of the pulverizing performance, and elimi- 
nation of contamination cf impurities due to the wear of 
the device By the way. the high pressure homogenizer 
is constructed such that two streams of licuic applied 
thereto wrth the atmospheric pressure amounting from 
several hundreds to several thousands are blown out of 
two mutually opposing narrow flow paths and impinged 
against each other and the particles are pulverized dis- 
persed and suspended (emulsified^ by the combined ac- 
tions of impacts shearing and cavitation, and S put on 
the market under trade names of a "Nanomizer". "Mi- 
crofluidizer" and so forth 

Next the outer shell forming liquid 3 there are used 
hydrophihc high molecular substance such as gelatin 
agar-agar alginate pectin and the like as the mam n- 
gredients a plasticizer and a coloring material are suit- 
ably added thereto and. during the manufacturing the 
seamless capsules, the outer shell forming liquid is sup- 
cied as an aqueous liquid Incidentally it is needless to 
say that the outer shel 25 is insoluble m the hardening 
: cu d 10 and is sol dified in the ha r dening liquid 1 0 

Here there has heretofore been presented such a 
D'oclem that when the active ingredient is contained in 
the outer shells in order to increase tne quantrty of tne 
active ingredient damages of the outer shells take olace 
as cesenfced above at the time cf formation cf a capsule 
and the disperston becomes uneven 
However according to the experiments earned cut oy 
the inventors of the present invention it has been found 

•v- j» * H-vp .\, n mprpfj ont --pjyinpH the O l JtO r 


:auid 1 so thai r encn cf the seam ! ess caps^es tne 
active maredient as much as poss hie s :cn:nrer: ~nat 
s the outer sneil forming -iauid 3 is produced ° such a 
manner that the active ingredient .s dispersed n .vater 
z and subjected to tne we: puiveriz nq oy the we; ouiver- 
/:nq oev ce 1 2 as oescnoed aocve and a -nqrociont 'or 
tne sne:l forming is added thereto in manu'acturnq the 
outer shell forming liquid 3 it is possible that the wet 
pulverizing is carried out after the active ng-edient is 

'0 aispersed in the aqueous liquid of the irgreaient for 
'ormirg the outer shell Furthermore the reason wny the 
mean partice diameter less than 20 u m is adopted re- 
sides in obtaining the stability of the outer snell and 
keeping the steady operation cf the gear pump similarly 

>s to the above description 

Now. the device for manufacturing a seamless cap- 
sule in this embodiment is ot a nozzle-m-hquid type 
shown in Fig. 2 as described above anc a muftiple noz- 
7 hawing a doubie-!ayered orifice construction >s in - 

20 serted into an inlet portion cf a main Nowpalh piping 26 
This main flowpath piping 26 is supplied with the hard- 
ening liquid 10 through equalizer 27 Accordingly the 
outlet portion of the multiple nozzle 7 is constantly im- 
mersed in the haraering licuic 10 Then the encapsu- 

25 lattng liquid 1 anc the outer shell form ng liquid 3 arc 
blown out through the double-layered orifice into the 
hardening liquid 10. and the liquid drops each having 
the plurality of layers are dropped into the hardening liq- 
uid 10 in the state where the liquid 3 covers the total 

30 surrounding of the liquid 1 That is. in this embodiment, 
the encapsulating liquid 1 through a central nozzle 14 
of the multiple nozzle 7 and the outer shell forming liquid 
3 through an outer nozzle 1 5 are blown out into the hard- 
ening liquid 1 0 respectively Incidentally it is possible 

35 to form the multiple nozzle 7 to provide a multiple nozzle 
having a triple or more paths In this case as a result, 
a seamless capsule hav:ng a further mere ntermediate 
layer is formed 

Furthermore ;n this embodiment the multiple noz- 

•*o z'e 7 s vibrated by a vibrating device 25 Accordingly 
the encaosulat ng liquid 1 and the outer she I forming 
liquid 3 A/hcn are blown cut of the multiple nozzle 7 
are termed to provide mjlti-iayer iiqud drops by the vi- 
orations given to the multiple nozzle 7 by the vibrating 

-~ device 2b in the hardenirg iiquid 10 in the mair tlowpatn 
piping 26 Then, as the encapsulating liquid 1 and the 
outer shell forming liquid 3 flow through the mam flow- 
path piping 26. they are hardened by the action ol the 
hardening liquid 1 0. and *ormed to provide the seamless 

50 capsules SC With this arrangement, the encapsulating 
'■cuid 1 <n which f he active ingredient is sjspenjed 'n 


:rr^:nq ; iq u id 3 tne active mgredtc-m \s contained in ho ;.: o'o the seam ess cacsu.e S-',t 

rate of thn particles each having 'he mean particle di- ^ h i j s femed seamless caosuin ^ ' "lews 'og^'no: 

jrn pt or loss man 20 u m simi ih r'v ' n ■ h<~> enca psi jlat w f ^ 'he ^ardeeine. iquid • ; -rem an oi/let end of me 
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-nnn flowonth piping 26 onto -.n . n c: nea oorcus ooav 
" 7 of a separating tank 1 6 Tnen -nmediarely arte- sep- 
-iraied from ;he ha'dening iiduio '0 on the nclined po- 
-ous body ^7 !he seamless capsuie SC rolls down on 
ihe slooe of the inclined porous body 1 7 and recovered = 
into a oroduct recovery container 13 Thereafter thjs 
finished capsules are dried so tha; products can ce f n- 
isned In this case ccatmgs such as an enter c film a 
sus'.ained release film sugar-coating or ;he like maybe 
applied onto the finisned seamless capsules or it is pos- 
sible that any ctner active ingredient may be coated on 
the seamless capsule SC as being the core 

incidentally, in this embodiment the hardening liq- 
uid 1 0 n the separating tank 1 6 is delivered under pres- 
sure through a piping 20 to a cooling tank 21 by a pump ^ 
'9 The hardening licuid 10 in the cooung tank 21 is 
cooled by a cooler 22 to a predetermined temperature 
and thereafter, returned into the mam flowpath oiomg 26 
through a piping 24 by a oump 23 

As described above, in the seamless capsule SC 20 
according to the present invention, even if the quantity 
of the active ingredient in the encapsulating liquid 1 is 
increased, not only the quantity of the active ingredient 
contained in a single seamless capsule can be n- 
crcascd as compared with that in the pnor an without 25 
damaging the oute- shells 2S during the manufacturing 
of the seamless capsules, but also the active ingredient 
can be contained in the outer shell 23 so that the quan- 
tity of the active ingredient in each of the seamless cap- 
sules can be further increased 30 

Description will hereunder be given of the results of 
the experiments of the manufacture of the seamless 
capsules according to the above-cesenbed method 

Example 1 

Crystal of [5-ca r otene 75g was added to MCT (mid- 
dle chain length fatty acid trtgliceride) 425g. and prepar- 
atory dispersion was carried out f or five minutes at a 
speed of 10 000 RPM by use of a high-speed agitating 
type emulsifymg-dispersing machine (manufactured by 
"okushu-Kikai-Kogyo Co.. Ltd.) (The liquid produced af- 
ter this process is referred to as "dispersion" ) 

This dispersion was processed three times at 100 
MPa (about 1.000 atmospheric pressure) by jse of a 45 
high pressure homogenizer "Nanomizer LA 33' (manu- 
factured by Nanomizer Co Ltd.) and suspension was 
obtained In this case, the mean particle diameter of [5- 
carotene in the dispersion was 23 1 u. m and that of the 
suspension was 8.3 u. m. so 

Next, in a device for manufacturing a seamless cap- 
sule "Spherex" (manufactured by Freund Industrial Co.. 
Ltd.). the suspension heated to 35 3 C as the encapsu- 
lating liquid and the aqueous solution of 18 wt°o gelatin 
and 2 wt°o sorbitol heated to 70 °C as the outer shell ^5 
forming liquid were dropped at a speed of 20 pieces/sec 
intothe hardening hquidcf MCTcooled to 9 °C to there- 
by manufacture the seamless capsules each having tne 


diameter ct 4 H-n in? nrc r ^e sneil r at'C to total capsule of 
20°m m th-s case 'OrmHtion of the capsules was 
smooth iv carried cut sc that the satisfactory seamless 
rapsuies encn containing ^-carotene of 4 20 mg,-g were 
cotained 

Comparative Example 1 

The dispersion same as that of tne Example 1 was 
usee :o manufacture :ne seamless capsuies uncer the 
same cend tions as me Example 1 oy use of the 
"Spherex" In this case damages of the outer shells oc- 
curred in a large percentage during the dropping Then 
in order to prevent sucn damages from occurring, it was 
necessary to lower the concentration of dispersion of |5- 
carotene to less than 3wt u o. i.e.. [3-carotene in tne seam- 
less capsule is lowered :o less than 64 mg/g 

Example 2 

Liquid, in which crystal of Nifedipine 200g was add- 
ed to MCT 30Cg. was used to manufacture :he same 
process as in the Example " was carried out and an oily 
suspension was manufacturec However the pressure 
during the process by use of "Nanomizer LA 33" was set 
at 150 MPa In this case, the mean partioe diameters 
o* Nitedipine were 34 3 a m in the dispersion and 10 2 
u m ir the suspension 

Separately of this liquid in which crystal of Nifed- 
ipine 75g was added to water 425g was processed for 
60 mm at a speed of 3. 000 RPM by use of "TK Homo- 
mixer" for p r eparaton/ dispersion This dispersion was 
processed three times at 100 MPa by use of "Nanomizer 
LA33" to thereby obtain the suspension. The mean par- 
ticle diameter of Nifedipine tn this suspension was 4.2 
u m Gelatin and sorbitol were added to tnis suspension, 
heated and dissolved to obtain the aqueous liquid con- 
taining therein 10 4 wt°o Nifedipine. 15 0 w1% Gelatin 
and 2 0 wt°b Sorbitol. 

Then in the same device as in the Example 1 the 
oily suspension being at the room temperature as the 
encapsulating iquid and the aforesaid aqueous liquid 
being at 56 °C as the outer shell forming houid were 
drooped into the hardening liquid of MCT cooled to 10 
J C tc thereby manufacture the seamless capsules each 
having the diameter of 1 5mm and the shell ratio of 50%. 
In this case formation of the capsules was carried out 
smoothly and tne satisfactory seamiess capsules hav- 
ing Nifedipine 371 rng/g. 

Comparative Example 2 

In the Example 2. the oily dispersion prior to the 
processing by use of "Nanomizer LA33" was made to 
be the encapsulating liouid. and the liquid having the 
same composition as the outer shell forming liquid used 
in the Example 2 except for that Nifedipine was not dis- 
persed, was used as the outer she. I forming hcuid to 
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thoroov ""rin jtnrtu'O the seamiess raosuies jnac mo 
^..-•mo .munitions hs n :ho Example 2 

n Ti5 :,4se the capsjies were dam^aec 2 j ring 
crcooinq inc nc satisfactory capsuies were cotairea at 
.id Then- n order to prevent sucn damacos .! whs nec- 
essary tc 'Tihkg the CD nc en traiior ct Nfeoipme r tro 
encapsulating iiQuia :o ce iess 'ham 20 wt l \> 

\itedpine was encapsulated -is a solution sta:e 
and the selu'tor was made oy dissolving Nifedipne m 
z 'oiyethy tene giycol 400 the weii known practice how- 
ever in this case ;he concentration of Nifedipine was 
■ miled to 5wt°o from the solubility 

As has been desenced hereinabove detailed de- 
scription has been given of the invention invented by tne 
inventors of the present invention with reference to tne 
embodiment however the present invention should rot 
necessarily be limited to the above-described embodi- 
ment, and it is needless to say that the present invention 
^an be modified variously within the scope not departing 
from the gist thereof cj 

For example the type and fill of the active ingredient 
should not necessaniy be limited to those in the above- 
described examples Furthermore the method of sus- 
pending should not necessarily oe limited tc the above 
described method anc various methods using other cc- cs 
vices are applicable Further it is possible to suitably 
add a stabilizer plasticizer. seasoning matter cooring 
matter spicing matter pigment, preserv ng matter and 
the like in addition :o the active ingredient 

On the ofhe r hand, in the above-described Example JO 
2 the active ingredient is contained in the outer shell 
forming liquid 3 to thereoy form the outer shell 28 con- 
taining the active ingredient However it is needless to 
say that it is also possible to use the ordinary outer shell 
not containing the active ingredient in particular to cs 
thereby enclose the encapsulating liquid 1 according to 
the present invention 

In the above description there has been described 
the invention invented by the inventors of the present 
^venticn in the case where the invention is applied to 
the seamless capsuie and the methoc of manufacturing 
the same in tne 'ield o* ut hzation however the present 
■nvontion should not necessarily be limited to 'his fur- 
thermore the seamless capsules according to tne 
present invention are usable in various applications 
sucn as cosmetic goods intermediate products fo r cos- 
metic goods foods for medical use health foods inter- 
mediate products for foods agncultuial chemicals ad- 
ditional 'natters for animal feeding s>tuff and the I ke in 
addition to medicines intermediate products for medical ^ 
;se ouH'-dma ! nn rod tents and miim-v x r -c^ 


■nqreaic-nt of the encapsulating :cuid -s ^creased 
'hern s sucn nn -tnv-intnqe 'hat '^e outer srells -re 
net camaqeo durmc tne manufacture cj 'me cap- 
suies Accordingly : t oecomes ocssibie to ncrease 
the Quantity ot the active ingredient contained in one 
capsuie as compared with that -n the or or -art 
2 'he mean partic e diameter z\ the ic: ve ;ncre- 
dient ;s maoe 'c ce less than 20 u m wnerecy even 
■f the ac'ive ingredient >s contained m the cuter sheil 
term ng liquid the oute' shells will ret oe damaged 
and the dispersion wil not oe jneven ana it co- 
comes possib e to form the capsules containing the 
active ingredient n the outer shells too Accordingly 
the quantity of the active ingredient contained in one 
capsule can be further mcreasec as compared with 
that in the prior art 

C! aimS 

1. A seam ess capsule wherein liquid, in which an ac - 
tive ingredient whicn is difficultly soluble in water 
and oi! is suspended in oil as particles each having 
the mean particle diameter of less than 20 l. m is 
encapsulated in a hydrophihc outer shell 

2. A seamiess capsule as set forth n claim 1 wnerem 
said particles are formed by wet-pulvenzing said ac- 
tive ingredient in oil 

3. A seamless capsule as set 'orth in claim 1 or 2. 
wnerem said active ingredient is contained in said 
outer shell as partic es each oavmq the mean par- 
ticle diameter of ess than 20 u m 

4. A seamiess capsufe as set forth n claim 3 wnerem 
the particles cf said outer shell are formed by wet- 
pulvenzmg said active ngredient in water 

5. A method for manufacturing a seamless rapsuie by 
dropping liquid drops eacr having a plura ity of av- 
ers into ha r denmg liquid from a concentric multiple 
nozzle wherein there is supplied a suspension as 
an inner-most layer iicuic of said itauid drops in 
wnicn an active ingredient whicn ;s difficult y soluble 
m water and oil is dispersed m oil and tne active 
mqredient in thus obtainec dispersion is pulverized 
tc obtain particles each having the mean part cle di- 
ameter of less than 20 li m by a wet putvenzwig de- 
vice and tnere is supplied an aqueous liquid of a 
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aisce'Sicr s ::i,;vef v.oa \r_, zc\r*\r. o^.r::c;os on:r 
navmrj !hn monn narticln Diameter ot less thnn .?0 
n m 

Amethod of manufactur nq n senmless caosuie ~\s 
se: toth n claim 5 or 6 wherein said wet oulveri/nq 
device is a nigh p'essurc nomcqcni/cr 
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